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Description 

This invention relates to a method of producing car- 
bon nanotubes and to a device therefor. 

Carbon nanotubes are recently discovered, hollow 
graphite tubules having a diameter of generally several 
to several tens nanometers. One method for the prepa- 
ration of carbon nanotubes is disclosed in Nature, 358, 
220 (1 992) by Ebbesen et al. In this method, a DC po- 
tential of about 1 8 V is applied between a 6 mm diameter 
graphite rod (anode) and a 9 mm diameter graphite rod 
(cathode) which are coaxially disposed in a reaction 
vessel maintained in an inert gas atmosphere. By posi- 
tioning the two rods close to each other, an arc dis- 
charge occurs with the simultaneous deposition of a car- 
bonaceous material containing carbon nanotubes on 
the cathode rod. Since the anode rod is consumed as 
the arc discharge proceeds, the anode (or cathode) is 
occasionally displaced to maintain a constant gap. 

The known method has a problem because it is not 
possible to continuously produce carbon nanotubes in 
a large amount. Further, since carbonaceous deposits 
are gradually accumulated on the cathode, it is difficult 
to maintain the optimum gap between the anode and 
the cathode and, thus, to maintain the optimum condi- 
tions for the production of carbon nanotubes. 

The present invention has been made from a con- 
sideration of these problems of the known method of 
producing carbon nanotubes. 

In accordance with one aspect of the present inven- 
tion there is provided a method of producing carbon na- 
notubes, comprising the steps of: 

(a) successively positioning an axially extending 
rod-like carbonaceous anode having a tip end sur- 
face and a cathode having a cathode surface hav- 
ing an area greater than that of said tip end surface 
in an atmosphere of an inert gas such that said tip 
end surface successively faces on different portions 
of said cathode surface while keeping the distance 
therebetween substantially unchanged and while 
keeping the axis of said rod-like anode oriented in 
the direction normal to each of said portions of said 
cathode surface; 

(b) impressing a direct current voltage between said 
anode and said cathode to cause an arc discharge 
to occur between said tip end surface of said anode 
and each of said portions of said cathode surface 
and to permit carbonaceous deposits containing 
carbon nanotubes to accumulate on each of said 
portions; and 

(c) scraping said carbonaceous deposits from each 
of said portions. 

In another aspect, the present invention provides a 
device for producing carbon nanotubes, comprising: 

an airtight chamber; 



an axially extending rod-like carbonaceous anode 
having a tip end surface; 

a cathode having a cathode surface having an area 
larger than that of said tip end surface of said anode; 
5 means for feeding an inert gas to said chamber; 

means for supporting said cathode such that said 
cathode surface thereof is positioned within said 
chamber; 

means for supporting said anode such that said tip 

10 end surface is positioned within said chamber and 
faces on said cathode surface with the axis of said 
rod-like anode being oriented in the direction nor- 
mal to said cathode surface; 
first means for controlling the distance between said 

15 tip end surface and said cathode surface; 

second means for successively positioning said an- 
ode and said cathode such that said tip end surface 
successively faces on different portions of said 
cathode surface; 

20 means for impressing a direct current voltage be- 
tween said anode and said cathode so as to cause 
an arc discharge to occur between said tip end sur- 
face of said anode and each of said portions of said 
cathode surface and to permit carbonaceous de- 

25 posits containing carbon nanotubes to accumulate 
on each of said portions of said cathode surface; 
and 

means for scraping the carbonaceous deposits 
from each of said portions of said cathode surface. 

30 

The invention will now be described further with ref- 
erence to the accompanying drawings, in which: 

Fig. 1 is a schematic illustration of a preferred em- 
35 bodiment of a device for the production of carbon 
nanotubes according to the present invention; 
Fig. 2 is a schematic illustration of the arrangement 
of an anode, a cathode and a blade in the device of 
Fig. 1 ; and 

40 Figs. 3 and 4 are schematic illustrations, similar to 
Fig. 2, showing other arrangements. 

Referring to Figs. 1 and 2, designated as 1 is an 
airtight chamber in which an arc discharge is to be car- 

45 ried out. An axially extending rod-like anode 6 having a 
tip end surface 6a is horizontally disposed within the 
chamber 1 . The anode 6 is formed of a carbonaceous 
material such as carbon, graphite or metal-containing 
graphite. The metal of the metal-containing graphite 

50 may be, for example, copper, iron or cobalt. The diam- 
eter of the anode 6 is generally 5-30 mm, preferably 8-15 
mm. The anode 6 is supported by a holder (not shown) 
which in turn is connected to a position adjuster 7. The 
position adjuster 7 is operated manually or automatically 

55 to axially displace the anode 6 so as to position the tip 
end surface 6a thereof at a desired location. The holder 
is electrically connected to a positive pole of a direct cur- 
rent source 9 through an ammeter 12. 
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A cathode 2 having a cathode surface 2a is also 
disposed within the chamber 1 such that the cathode 
surface 2a is oriented normal to the axis of the rod-like 
anode 6. It is important that the area of the cathode sur- 
face 2a is larger than that of the tip end surface 6a of s 
the anode 6. Preferably, the cathode surface 2a is at 
least 4 times as large as the tip end surface 6a. The 
cathode 2, which Is formed of a heat-resisting conduc- 
tive material such as a metal, e.g. copper, or a carbon- 
aceous material such as carbon, graphite or metal-con- 10 
taining graphite, is in the form of a cylinder whose axis 
is oriented in parallel with the axis of the anode 6 but is 
offset from the axis of anode 6. 

Designated as 3 is a support member fixed within 
the chamber 1 and having a hole in which the cylindrical is 
cathode 2 is rotatably received such that the axis of the 
cathode 2 serves as the center of rotation thereof. The 
support member 3 is made of a conductive member and 
is electrically contacted with the cathode 2. The support 
member 3 is coupled to a negative pole of the direct cur- 20 
rent source 9. 

The cylindrical cathode 2 has an end surface which 
is opposite to the cathode surface 2a and to which a 
coaxial, electrically insulating shaft 4 is secured for ro- 
tation with the cathode 2. The shaft 4 extends out of the 2s 
chamber 1 and is connected to a driving mechanism 5 
including an electric motor for rotating the shaft 4. 

As a result of the above construction, by mounting 
the rod-like anode 6 on the holder, the tip end surface 
6a faces in the direction of the cathode surface 2a of the so 
cathode 2. By operating the position adjuster 7, the gap 
between the tip end surface 6a and the cathode surface 
2a is adjustable at will. By operating the driving mecha- 
nism 5, the cathode 2 is rotated so that the anode sur- 
face 6a can face on different portions of the cathode sur- 35 
face 2a. 

Designated as 11 is a source of an inert gas such 
as helium, argon or nitrogen for feeding the inert gas of 
a controlled pressure to the chamber 1. A pressure 
gauge 13 is connected to the chamber 1 for measuring *o 
the inside pressure of the chamber 1 . Designated as 10 
is an evacuator. 

A scraping member 8 is disposed within the cham- 
ber 1 for scraping carbonaceous deposits formed on the 
surface of the cathode surface 2a. The scraping mem- 45 
ber 8 in the illustrated embodiment includes a blade 
whose edge 8a is maintained in contact with the cathode 
surface 2a. 

The structure of the cathode may be changed in var- 
ious ways. In the alternative embodiment shown in Fig. so 
3, the peripheral surface of the cylindrical cathode 2 pro- 
vides the cathode surface 2a. The rotational axis of the 
cathode 2 is oriented normal to that of the anode 6. By 
rotation of the cathode 2, the tip end surface 6a of the 
anode successively face on different portions of the & 
cathode surface 2a. In the further embodiment shown 
in Fig. 4, the cathode 2 is reciprocally displaced in the 
direction normal to the axis of the anode 6 and the cath- 



ode surface 2a extends in the direction parallel with the 
reciprocating direction. If desired, the displacement of 
the tip end surface 6a of the anode 6 relative to the cath- 
ode surface 2a in the foregoing embodiments may be 
performed manually 

While, in the foregoing embodiments, the cathode 
2 is movably constructed, it is possible to stationarily fix 
the cathode 2 within the chamber 1 with the anode 6 
being arranged to be moved not only in the axial direc- 
tion but also in parallel with the cathode surface 2a. 
However, since it is also necessary to move the scraping 
member 8 and parts associated with the anode 6, the 
structure becomes more complicated as compared with 
the foregoing illustrated embodiments. 

A preferred method of producing carbon nanotubes 
according to the present invention using the device of 
Fig. 1 will be now described. 

In starting up, the anode 6 is displaced to bring the 
tip end surface 6a into contact with the cathode surface 
2a. The evacuator 1 0 is operated to reduce the pressure 
within the chamber 1 to 0.1-760 Torr, preferably 1-20 
Torr and, then, the direct current voltage source 10 is 
connected to the anode 6 and the cathode 2 to heat 
them while continuing the evacuation. By this pretreat- 
ment, oxygen and moisture entrapped in respective 
parts within the chamber are withdrawn therefrom. 

Helium gas is then fed from the source 11 to the 
chamber 1 and the helium gas pressure is maintained 
at 1 0 Torr to 2 atm, preferably at 500 Torr to 1 atm. There- 
after, the position adjuster 7 is operated to adjust the 
distance between the tip end surface 6a and the anode 
surface 2a to generally 0.1-5 mm, preferably 0.5-2 mm, 
while impressing the direct current voltage of generally 
15-35 V, preferably 18-21 V therebetween, so that an 
arc discharge occurs with the simultaneous deposition 
of a carbonaceous material containing carbon nano- 
tubes on that portion of the cathode surface 2a which is 
adjacent to the tip end surface 6a of the anode 6. The 
DC current in this case is controlled to 100-200 A. 

While continuing the arc discharge, the driving 
mechanism 5 is continuously or intermittently operated 
to rotate the cathode 2 and to change the relative posi- 
tion between the tip end surface 6a and the cathode sur- 
face 2a. The rotational speed may be such that the av- 
erage running speed of the tip end surface 6a relative 
to the cathode surface 2a ranges from 60 to 300 mrh/ 
minute. During the rotation of the cathode 2, the carbon- 
aceous deposits are scraped by the blade 8 and collect- 
ed. The distance between the cathode surface 2a and 
the tip end surface 6a is also controlled in the above 
range since the anode is consumed as the arc discharge 
proceeds. 

The following example will further illustrate the 
present invention. 

Example 

Carbon nanotubes were produced using the device 
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shown in Fig. 1 . A graphite rod having a diameter of 15 
mm was used as the anode 6 while a cylindrical graphite 
rod having a diameter of 65 mm was used as the cath- 
ode 2. The anode 6 and the cathode 2 were disposed 
within the chamber so that the axis of the anode 6 was 
spaced apart by a distance of 25 mm from the axis of 
the cathode 2. After locating the anode 6 in abutting en- 
gagement with the cathode 2, the chamber 1 was evac- 
uated. While maintaining the chamber 1 at a pressure 
of about 1 Torr, aDC current was allowed to flow through 
the anode 6 and cathode 2 for 3 hours to heat the anode 
6 and cathode 2. Then, helium gas was continuously fed 
to the chamber 1 at a rate of 10 liters per minute under 
a pressure of 1 atm. The anode 6 was slightly retracted 
to form a gap of 1 mm between the tip end surface 6a 
and the cathode surface 2a, so that arc discharge oc- 
curred. While maintaining the electrical current at 100 A 
and the gap between the anode and the cathode at 1 
mm, the cathode 2 was rotated at a rate of about 10 
revolutions per minute. Thus, the carbonaceous mate- 
rial deposits formed on the cathode surface 2a were 
continuously scraped with the blade 8 and collected in 
the bottom of the chamber 1 . The yield of the carbona- 
ceous material was about 1 g per hour. The SEM pho- 
tograph revealed that carbon nanotubes were contained 
in the carbonaceous material. 



Claims 

1 - A method of producing carbon nanotubes, compris- 
ing the steps of: 

(a) successively positioning an axially extend- 
ing rod-like carbonaceous anode having a tip 
end surface and a cathode having a cathode 
surface having an area greater than that of said 
tip end surface in an atmosphere of an inert gas 
such that said tip end surface successively fac- 
es on different portions of said cathode surface 
while keeping the distance therebetween sub- 
stantially unchanged and white keeping the ax- 
is of said rod-like anode oriented in the direction 
normal to each of said portions of said cathode 
surface; 

(b) impressing a direct current voltage between 
said anode and said cathode to cause an arc 
discharge to occur between said tip end surface 
of said anode and each of said portions of said 
cathode surface and to permit carbonaceous 
deposits containing carbon nanotubes to accu- 
mulate on each of said portions; and 

(c) scraping said carbonaceous deposits from 
each of said portions. 

2. A method as claimed in claim 1 , wherein step (a) is 
performed continuously. 



3. A method as claimed in claim 1 , wherein step (a) is 
performed intermittently. 

4. A method as claimed in any preceding claim, where- 
in said cathode surface has an area at least 4 times 
as large as that of said tip end surface of said anode. 

5. A device for producing carbon nanotubes, compris- 
ing: 

10 

an airtight chamber; 

an axially extending rod-like carbonaceous an- 
ode having a tip end surface; 
a cathode having a cathode surface having an 
is area larger than that of said tip end surface of 

said anode; 

means for feeding an inert gas to said chamber; 
means for supporting said cathode such that 
said cathode surface thereof is positioned with- 

20 in said chamber; 

means for supporting said anode such that said 
tip end surface is positioned within said cham- 
ber and faces on said cathode surface with the 
axis of said rod-like anode being oriented in the 

25 direction normal to said cathode surface; 

first means for controlling the distance between 
said tip end surface and said cathode surface; 
second means for successively positioning 
said anode and said cathode such that said tip 

30 end surface successively faces on different 

portions of said cathode surface; 
means for impressing a direct current voltage 
between said anode and said cathode so as to 
cause an arc discharge to occur between said 

35 tip end surface of said anode and each of said 

portions of said cathode surface and to permit 
carbonaceous deposits containing carbon na- 
notubes to accumulate on each of said portions 
of said cathode surface; and 

^0 means for scraping the carbonaceous deposits 

from each of said portions of said cathode sur- 
face. 

6. A device as claimed in claim 5, 

45 

wherein said cathode includes an electrically 
conductive columnar body having a circular 
cross-section, said columnar body having one 
end providing said cathode surface and the oth- 

50 er end fixedly connected to a coaxially extend- 

ing, electrically insulating shaft, 
wherein said means for supporting said cath- 
ode includes a support member fixed within 
said chamber and having a hole in which said 

55 columnar body of said cathode is rotatably re- 

ceived such that the axis of said columnar body 
serves as the center of rotation of said colum- 
nar body, 
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wherein said second means includes drive 
means connected to said shaft for rotating said 
shaft about the axis thereof, 
wherein said means for supporting said anode 
includes a holder holding said anode such that 
the axis of said anode is oriented in parallel with 
the axis of said columnar body but is offset from 
the axis of said columnar body, 
wherein said first means includes drive means 
connected to said holder for shifting said holder 
in the direction parallel with the axis of said an- 
ode, and 

wherein said scraping means Includes a blade 
fixedly disposed within said chamber such that 
said blade is in sliding contact with each of said 
portions of said cathode surface upon rotation 
of said columnar body. 

7. A device as claimed in claim 6, wherein said support 
member is formed of an electrically conductive ma- 
terial and is maintained in electrical contact with 
said columnar body, wherein said holder is formed 
of an electrically conductive material and is main- 
tained in electrical contact with said anode, and 
wherein said means for impressing a direct current 
voltage includes lead wires extending between a 
DC source and said holder and between said DC 
source and said support member. 



Patentanspruche 

1. Eine Methode zur Herstellung von Kohlenstoffn- 
anorohren, die die folgenden Schritte umfaBt: 

(a) Aufeinande/folgendes Positionieren einer 
axial ausgerichteten stabartigen kohlehattigen 
Anode mit einer spitzenformigen AbschluBfla- 
che und einer Kathode mit einer Kathodenfla- 
che, die groBer ist als die spitzenformige Ab- 
schluBflache, in einer Schutzgasatmosphare, 
so daB die spitzenformige AbschluBflache 
nacheinander verschiedenen Abschnitten der 
Kathodenflache gegenuberliegt, wahrend der 
Abstand zwischen beiden im wesentlichen kon- 
stant und die Achse der stabartigen Anode nor- 
mal ausgerichtet zu den einzelnen Abschnitten 
der Kathodenflache bleibt; 

(b) Anlegen einer Gleichspannung zwischen 
der Anode und der Kathode, so daB es zwi- 
schen der spitzenformigen AbschluBflache der 
Anode und den einzelnen Abschnitten der Ka- 
thodenflache zu einer Lichtbogenentladung 
kommt und sich auf alien Abschnitten kohlehal- 
tige Ablagerungen bilden kdnnen, die Kohlen- 
stoffnanorohren enthalten; 
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(c) Abschaben der kohlehaltigen Ablagerungen 
von den einzelnen Abschnitten. 

2. Eine Methode gemaB Anspruch 1, bei der Schritt 
5 (a) standig ablauft. 

3. Eine Methode gemaB Anspruch 1 , bei der Schritt 
(a) diskontinuierlich ablauft. 

io 4. Eine Methode gemaB einem der vorstehenden An- 
spruche, bei der die Kathodenflache wenigstens 
viermal groBer ist als die spitzenformige 
AbschluBflache der Anode. 

15 5. Eine Vorrichtung zur Herstellung von Kohlenstoffn- 
anorohren, die folgendes umfaBt: 



eine luftdichte Kammer; 
eine axial ausgerichtete stabartige kohlehaltige 
20 Anode mit spitzenformiger AbschluBflache; 

eine Kathode mit einer Kathodenflache, die 
groBer ist als die spitzenformige AbschluBfla- 
che der Anode; 

Vorrichtung zur Einieitung des Schutzgases in 
25 die Kammer; 

Vorrichtung fur die Aufnahme der Kathode, die 
gewahrleistet, daB sich die Kathodenflache in 
der Kammer befindet; 

Vorrichtung fur die Aufnahme der Anode, die 
30 gewahrleistet, daB sich die spitzenformige Ab- 

schluBflache in der Kammer und gegenuber 
der Kathodenflache befindet und die Achse der 
stabartigen Anode normal zur Kathodenober- 
flache ausgerichtet ist; 
35 eine erste Einrichtung fur die Regelung des Ab- 

stands zwischen der spitzenformigen Ab- 
schluBflache und der Kathodenflache; 
eine zweite Einrichtung f Or die aufeinanderfol- 
gende Position ierung der Anode und der Ka- 
40 thode, so daB die spitzenformige AbschluBfla- 

che verschiedenen Abschnitten der Kathoden- 
flache gegenuberliegt; 

eine Einrichtung fur das Anlegen einer Gleich- 
spannung zwischen Anode und Kathode, so 

45 daB es zwischen der spitzenformigen Ab- 

schluBflache der Anode und den einzelnen Ab- 
schnitten der Kathodenflache zu einer Lichtbo- 
genentladung kommt und sich auf den einzel- 
nen Abschnitten der Kathodenflache kohlehal- 

50 tige Ablagerungen mit Kohlenstoffnanordhren 

bilden konnen; 

eine Vorrichtung fur das Abschaben der kohle- 
haltigen Ablagerungen von den einzelnen Ab- 
schnitten der Kathodenflache. 

55 

6. Eine Vorrichtung gemaB Anspruch 5, wobei die Ka- 
thode einen elektrisch leitenden zylindrischen Kor- 
per mit einem kreisformigen Querschnitt enthalt, 
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das eine Ende des zylindrischen Korpers die Katho- 
denflache lief ert und das andere Ende f est mit einer 
koaxialen elektrisch isolierenden Welle verbunden 

ist, 

5 

wobei die Vorrichtung fur die Aufnahme der Ka- 
thode eine Aufnahmeeinrichtung umfaBt, die in 
der Kammer angebracht und mit einer Offnung 
versehen 1st, in derderzylindrische Korper der 
Kathode drehbar gelagert ist, so daB die Achse 10 
des zylindrischen Korpers den Drehpunkt des 
zylindrischen Korpers darstelit, 
wobei die zweite Vorrichtung eine mit der Weile 
verbundene Antriebsvorrichtung fur das Dre- 
hen der Welle urn die Achse umfaBt, is 
wobei die Vorrichtung fur die Aufnahme der An- 
ode eine Halterung fur die Anode umfaBt, die 2. 
gewahrieistet, daB die Achse der Anode paral- 
lel zur Achse des zylindrischen Korpers ausge- 
richtet, jeddch versetzt zur Achse des zyiindri- 20 3. 
schen Korpers ist, 

wobei die erste Vorrichtung eine mit der Halte- 
rung verbundene Antriebsvorrichtung umfaBt, 4. 
die die Halterung parallel zur Achse der Anode 
verschiebt, und 2s 
wobei die Abstreifvorrichtung eine fest in der 
Kammer angebrachte Klinge beinhaltet, die 
beim Drehen des zylindrischen Korpers in 
Gleitkontakt mit den einzelnen Abschnitten der 5. 
Kathodenoberflache ist. 30 



Eine Vorrichtung gemaB Anspruch 6, wobei das 
Aufnahmeelement aus einem elektrisch leitfahigen 
Material besteht und elektrischen Kontakt mit dem 
zylindrischen Korper hat, wobei-die Halterung aus 
einem elektrisch leitfahigen Material besteht und 
elektrischen Kontakt mit der Anode hat und wobei 
die Vorrichtung fur das Anlegen einer Gleichspan- 
nung Leitungsdrahte zwischen der GS-Quelle und 
der Halterung und zwischen der GS-Quelle und 
dem Aufnahmeelement besitzt. 
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Revendications 

1. Precede de production de nanotubes de carbone, 
comprenant les etapes consistant k: 



(a) positionner successivement une anode car- 
bonee en forme de tige, s'etendant axialement, so 
presentant une surface d'extremite en pointe et 
une cathode presentant une surface cathodi- 
que dont I'aire est superieure k cede de ladrte 
surface d'extremite en pointe dans une atmos- 
phere de gaz inerte, de telle sorte que ladite ss 
surface d'extremite en pointe fasse successi- 
vement face k diff erentes portions de ladite sur- 
face cathodique tout en conservant la distance 



entre elles sensiblement inchangee, tout en 
conservant I'axe de ladite anode en forme de 
tige orients dans la direction normale k chacu- 
ne desdites portions de ladite surface cathodi- 
que; 

(b) appliquer une tension continue entre ladrte 
anode et ladite cathode pour provoquer une de- 
charge d'arc entre ladite surface d'extremite en 
pointe de ladrte anode et chacune desdites por- 
tions de ladite surface cathodique et pour per- 
mettre I'accumulation de depots carbones con- 
tenant des nanotubes de carbone sur chacune 
desdites portions; et 

(c) gratter lesdits depdts carbones depuis cha- 
cune desdites portions. 

Precede selon la revendication 1 , dans lequel l'6ta- 
pe (a) est r6alis6e de fagon continue. 

Precede selon la revendication 1 , dans lequel I'eia- 
pe (a) est realisee de fagon intermrttente. 

Precede selon i'une quelconque des revendications 
precedentes, dans lequel ladite surface cathodique 
presente une aire au moins 4 fois plus importante 
que celle de ladite surface d'extremite en pointe de 
ladite anode. 

Dispositif pour produire des nanotubes de carbone, 
comprenant: 

une chambre etanche k I'air; 
une anode carbon6e en forme de tige, s'eten- 
dant axialement, presentant une surface d'ex- 
tremite en pointe; 

une cathode presentant une surface cathodi- 
que dont I'aire est superieure k celle de ladite 
surface d'extremite en pointe de ladite anode; 
un moyen pour alimenter ladite chambre en un 
gaz inerte; 

un moyen pour supporter ladite cathode de sor- 
te que ladite surface cathodique de celle-ci sort 
positionnee k I'int6rieur de ladite chambre; 
un moyen pour supporter ladite anode de sorte 
que ladrte surface d'extremite en pointe sort po- 
sitionnee k I'interieur de ladrte chambre et fasse 
face k ladite surface cathodique, I'axe de ladite 
anode en forme de tige etant orients dans la 
direction normale k ladite surface cathodique; 
un premier moyen pour commander la distance 
entre ladite surface d'extremite en pointe et la- 
dite surface cathodique; 
un deuxieme moyen pour positionner succes- 
sivement ladite anode et ladrte cathode de telle 
sorte que ladite surface d'extremite en pointe 
fasse successivement face k differentes por- 
tions de ladite surface cathodique; 
un moyen pour appliquer une tension continue 
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entre ladlte anode et ladite cathode pour pro- 
voquer une decharge d'arc entre ladite surface 
d'extrSmitS en pointe de ladite anode et chacu- 
ne desdites portions de ladite surface cathodi- 
que et pour permettre Paccumulation de dSpdts 5 
carbones contenant des nanotubes de carbone 
sur chacune desdites portions de ladite surface 
cathodique; et 

un moyen pour gratter lesdits dSpets carbones 
depuis chacune desdites portions de ladite sur- 10 
face cathodique. 



fils conducteurs s'Stendant entre une source conti- 
nue et ledit SISment porteur et entre ladite source 
continue et ledit organe de support. 



6. Dispositif selon la revendication 5, 



dans lequel ladite cathode comporte un corps is 
en colon ne a section transversals circulaire 
conducteur de I'SlectricitS, ledit corps en colon- 
ne presentant une extremity fournissant ladite 
surface cathodique et I'autre extremity connec- 
tee de maniere fixe a un arbre electriquement 20 
isolant s'etendant coaxialement, 
dans lequel ledit moyen pour supporter ladite 
cathode comporte un organe de support fixe a 
Tinterieur de ladite chambre et presentant un 
trou dans lequel est recu en rotation ledit corps 2s 
en colonne de ladite cathode, de telle sorte que 
I'axe dudit corps en colonne serve de centre de 
rotation dudit corps en colonne, 
dans lequel ledit deuxieme moyen comporte un 
moyen d'entrainement connects audit arbre en 30 
vue d'entrainer en rotation ledit arbre autour 
dudit axe de celunci, 

dans lequel ledit moyen pour supporter ladite 
anode comporte un element porteur portant la- 
dite anode de telle sorte que I'axe de ladite ano- 35 
de soit orients parallelement a I'axe dudit corps 
en colonne, en Stant toutefois dScale par rap- 
port a I'axe dudit corps en colonne, 
dans lequel ledit premier moyen comporte un 
moyen d'entrainement connects audit Slement 40 
porteur pour dSplacer ledit element porteur 
dans la direction parallele a I'axe de ladite ano- 
de, et 

dans lequel ledit moyen de grattage comporte 
une lame disposee de maniere fixe a Tinterieur *s 
de ladite chambre de telle sorte que ladite lame 
soit en contact giissant avec chacune desdites 
portions de ladite surface cathodique lors de la 
rotation dudit corps en colonne. 

so 

7. Dispositif selon la revendication 6, dans lequel ledit 
organe de support est formS d'un matSriau conduc- 
teur de I'SlectricitS et est maintenu en contact 6lec- 
trique avec ledit corps en colonne, dans lequel ledit 
SISment porteur est formS d'un matSriau conduc- ss 
teur de I'SlectricitS et est maintenu en contact Slec- 
trique avec ladite anode, et dans lequel ledit moyen 
pour appliquer une tension continue comporte des 
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